Background
Activated Cdc42 kinase (ACK1, also known as ACK or TNK2) is a ubiquitously expressed non-receptor tyrosine kinase which was originally identified by its ability to bind CDC42 in active GTP-bound form [1] . Genomic amplification and overexpression of ACK1 have been shown in a variety of human tumors. In cell lines of epithelial origin, ACK1 integrates extracellular growth factor stimuli from multiple ligand-activated activated receptor tyrosine kinases, to initiate intracellular signaling cascades that are critical for cell survival, cell proliferation, cell differentiation, and cell migration [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Our study group recently demonstrated significantly increased ACK1 protein expression in the colorectal mucosa of ulcerative colitis (UC) compared to that in people without intestinal diseases, by using integrated strategy in proteomics [11] . UC is a clinical subtype of inflammatory bowel disease (IBD). The expression levels of ACK1 expression in other colorectal inflammatory conditions except UC have not been examined. The diagnosis of IBD is usually based on a combination of endoscopy, laboratory indices, and histological and clinical examination, but approximately 10% of IBD still cannot be discriminated if patients present with similar manifestations. Several markers have been suggested to facilitate the differentiation of IBD, with a low specificity and sensitivity, or weak correlation with disease activity [12, 13] . Whether ACK1 protein is of help in differentiating between UC and other colorectal inflammatory diseases is unclear. UC patients with long disease duration have an increased risk of developing colorectal cancer (CRC). Several different molecular abnormalities have been found between UC-associated and sporadic CRC sequences [14] [15] [16] [17] . Although copy numbers, as well as mRNA, of ACK1 gene have been found to be altered in colorectal tumors, the expression levels of ACK1 protein during different kinds and stages of CRC progression have not been characterized.
Therefore, the aims of our study were to investigate the expression of ACK1 at the protein level in colorectal mucosa from patients with different colorectal inflammatory, as well as neoplastic conditions, and to evaluate its correlation with disease activity or severity.
Material and Methods

Patient sample analysis
A total of 250 colorectal biopsy specimens were collected randomly from individuals who underwent total colonoscopy from January 2007 to May 2013 in Nanfang Hospital, Guangzhou, China. The colorectal specimens consisted of 78 UC, 22 CD, 20 infectious colitis (such as bacterial dysentery, pseudomembranous enteritis and viral enteritis), 26 non-IBD and noninfectious colitis(such as microscopic colitis, diversion colitis, diverticular colitis, eosinophilic colitis, ischemic colitis and radiation colitis) [18] , 16 sporadic adenomas (SAs) (6 UC-associated and 10 non-UC-associated), 4 dysplasia-associated lesion or mass (DALM), 10 sporadic CRC, 4 UC-related CRC, 10 hyperplastic polyps, and 60 normal tissues obtained from people free of intestinal diseases. The diagnosis of IBD was based on clinical, endoscopic, and pathohistological criteria as described by Lennard-Jones [19] . All biopsy specimens were fixed in 4% paraformaldehyde (Sangon Biotech Co., Ltd., Shanghai, China) for at least 6 h and embedded in paraffin (Sangon Biotech Co., Ltd., Shanghai, China) until use. For patients with UC, the clinical activity index (CAI) was evaluated using the Mayo score [20] . For patients with CD, the Crohn's disease activity index (CDAI) was measured according to CDAI of Best et al. [21] . The endoscopic activity was assessed according to the endoscopic part of the Rachmilewitz score [22, 23] . The histological activity of colitis severity was graded according to Geboes criteria [24] . Dysplasia was defined according to modified Vienna criteria as either low-grade dysplasia (LGD) or high-grade dysplasia (HGD) [25] . The collection of serum indexes and colonoscopy was completed within the same 7-day period for all patients.
The present study was approved by the Institute Research Medical Ethics Committee of the Affiliated Nanfang Hospital, Southern Medical University. All participants provided written informed consent prior to involvement in the investigation [26] .
Immunohistochemistry
The protein expression of ACK1 was measured by immunohistochemistry in colorectal tissue specimens. The paraffin-embedded blocks were cut into 4-μm sections, heated at 60°C for 30 min, deparaffinized in xylene, and rehydrated through graded alcohol solutions (100%, 95%, 90%, 80%, and 70%; Guangzhou Chemical Reagent Co., Ltd, Guangdong, China) for 3 min each, at room temperature. The sections were then washed with double-distilled water 3 times for 10 min, and blocked by 3% H 2 O 2 (Guangzhou Chemical Reagent Co., Ltd., Guangdong, China) in absolute methanol for 10 min at room temperature to bleach endogenous peroxidase activity. After that, antigen retrieval was performed by microwave-treating in 0.1 mol/L sodium citrate buffer (pH6.0, Wuhan Boster Biological Technology, Ltd. Wuhan, China) for 20 min at 800 watts and cooling for 60 min. The slides were incubated with a rabbit polyclonal antibody against human ACK1 (sc-323, 1: 100; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 4°C overnight. After washing with phosphate-buffered saline (PBS)/Tween 3 times for 10 min, the slides were incubated with a 1: 500 dilution of the biotinylated secondary antibody (Zhongshan Goldenbridge Biotechnology Co., Ltd., Beijing, China) for 30 min. After another washing with PBS for 3 times, they were incubated for 1 min with the avidin-biotin complex reagent at room temperature. The colorimetric reaction was performed with 3, 3'-diaminobenzidine (Beyotime Institute of Biotechnology Co., Ltd., Haimen, Jiangsu, China) as the chromogen and nickel chloride enhancement. The slides were then counterstained with hematoxylin (Beyotime Institute of Biotechnology Co., Ltd., Haimen, Jiangsu, China) and mounted with Permount. Finally, they were observed under a light microscope (Olympus BX-51 microscope, Olympus DP71 digital camera, Tokyo, Japan).
The degree of staining was independently assessed by 2 pathologists and graded semiquantitatively using criteria previously described: 0, no expression of ACK1; 1+, mild expression of ACK1; 2+, moderate expression of ACK1; and 3+, strong expression of ACK1.
Statistical analysis
Statistical analysis was performed using SPSS software version 13.0. Descriptive data are expressed as mean ± standard deviation. Differences between 2 and multiple groups of nonparametric data were compared by the Mann-Whitney and Kruskal Wallis tests, respectively. The t test was used for parametric numerical data. The distribution of ACK1 positive rates and categorical variables describing patient demographics was compared using the c 2 test. The correlation between 2 defined parameters was determined by calculating Spearman's correlation coefficient. Two-tailed P values of 0.05 or less were regarded as indicating the presence of a statistically significant difference.
Results
Expression of ACK1 protein in normal colonic and IBD mucosa
A total of 78 patients with UC (49 females, 29 males, with a mean age of 40.18±13.35 years old) and 22 patients with CD (15 females, 7 males, with a mean age of 35.67±9.69 years old) were analyzed. There were no significant differences in demographic details between these 2 groups of patients (c 2 =0.09, P=0.817 for sex; t=1.186, P=0.690 for mean age).
ACK1 protein was exclusively expressed in cytoplasm of colorectal epithelial cells, but not in inflammatory cells ( Figure 1A , 1B, 1E). The expression of ACK1 was lacking or very weak in colonic biopsies from healthy controls. Markedly elevated levels of ACK1 expression were observed in IBD patients as compared to controls (P<0.000; Table 1) , and the up-regulation of this protein was similar in UC and CD (P=0.254; Table 1 ).
ACK1 protein expression was further compared between subgroups classified by disease activities (Table 2 ). IBD patients with mild clinical activity showed significantly lower ACK1 expression than those with moderate-to-severe activity (P=0.033 for UC, P=0.017 for CD). For both UC and CD, ACK1 protein was expressed at equal levels in moderate clinical grading and Table 3 ).
Expression of ACK1 in other colitis mucosa
It is sometimes difficult to distinguish endoscopically active IBD from infectious colitis or non-IBD and noninfectious colitis 
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if their manifestations are similar, so the expression levels of ACK1 expression among these colorectal inflammatory conditions were also compared ( Both infectious colitis and chronic colitis exhibited some degree of cytoplasmic staining for ACK1 protein (Figure 1C, 1D ; Table 1 ). The highest ACK1 expressions were found in endoscopically active UC, followed by infectious colitis, then CD, then non-IBD and noninfectious colitis, and finally controls (c 2 =72.96, P=0.000). Significantly different ACK1 expression were found between infectious colitis and controls (P=0.020), between non-IBD and noninfectious colitis and controls (P=0.000), between non-IBD and noninfectious colitis and infectious colitis (P=0.003), between non-IBD and noninfectious colitis and CD (P=0.020), and between endoscopically active UC and non-IBD and noninfectious colitis (P=0.000). However, the expression levels of ACK1 protein were similar between infectious colitis and endoscopically active UC (P=0.298), between infectious colitis and CD (P=0.755), and between endoscopically active UC and CD (P=0.209).
The histological grade of inflammation was significantly higher in endoscopically active IBD than in non-IBD and noninfectious colitis (P=0.000 for both UC and CD) and infectious colitis (P=0.000 for both UC and CD). The inflammatory degrees in non-IBD and noninfectious colitis and infectious colitis were similar to each other (P=0.707). No significant differences in ACK1 expression were observed when patients were classified by histological activity (c 0 -no expression of ACK1; 1+ -mild expression of ACK1; 2+ -moderate expression of ACK1; 3+ -severe expression of ACK1; ACK1 -activated Cdc42 kinase1; IBD -inflammatory bowel disease; UC -ulcerative colitis; CD -Crohn's disease; CRP -C-reactive protein; ESR -erythrocyte sedimentation rate; WBC -white blood cells.
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The sensitivity, specificity, and accuracy of ACK1 protein expression for diagnosis of IBD Because ACK1-positive rates were significantly different among colitis and controls (c 2 =60.057, P<0.001), we further evaluate its usefulness in distinguishing IBD patients from healthy controls, as well as from patients with intestinal inflammatory conditions (Table 1) . ACK1-positive status had 88.9% sensitivity, 78.8% specificity, and 84.06% accuracy in discriminating between active UC and controls. ACK1 positivity as a predictor of CD had a sensitivity of 66.6%, a specificity of 90%, and an accuracy of 83.33%. Including healthy people and patients with non-IBD gastrointestinal inflammation as the control group resulted in somewhat higher specificity (83.70%) but lower sensitivity (65.31%) and accuracy (73.91%) for UC, and higher specificity (92.30%) but lower sensitivity (32.00%) for CD.
Of the ACK1 moderately-to-strongly positive colitis cases, 29 were active UC (53.7%), 11 were infectious colitis (55%), 11 were CD (27.3%), and none were chronic colitis or controls. ACK1 moderately-to-strongly positive status had a diagnostic potential in distinguishing UC from controls with 100% sensitivity, 70.5% specificity, and 77.5% accuracy. Including healthy people and patients with non-IBD gastrointestinal inflammation as the control group resulted in somewhat higher specificity (79.17%) and similar accuracy (77.5%) but lower sensitivity (72.5%).
Expression of ACK1 in patients during CRC progression
Moderate-to-strong ACK1 expression was detected in the cytoplasm of not only DALM but also SA cells, whereas CRCs were negative for ACK1 staining. In addition, ACK1 was weakly expressed only in 1 of 10 hyperplastic polyps (Table 5 ; Figure 1F -1L).
There were no significant differences in ACK1 expression between UC-associated and non-UC-associated SAs, or between UC-associated SAs and DALM with regard to the degree of dysplasia (P>0.05). For both UC-associated and non-UC-associated SAs, ACK1 expression was higher in HGD than in LGD (P<0.05) ( Table 5 ; Figure 1G-1L) . 
Discussion
This is the first study exploring the expression of ACK1 protein in different colorectal diseases. We have previously reported ACK1 overexpression in colorectal epithelial cells of UC. Our findings here further showed that the expression level of ACK1 protein was upregulated not only in patients with IBD but also in those with other types of colitis, as compared to controls. We observed a higher ACK1 expression in endoscopically active colorectal mucosa relative to endoscopically normal mucosa in the same IBD patient. Moreover, we observed that endoscopically active and endoscopically quiescent IBD present equivalent expression levels of ACK1 protein, indicating a potential role of ACK1 overexpression in the remission period of IBD. Thus, ACK1 overexpression is not a distinctive feature of UC but is rather simply a concomitant of inflammation in the intestinal tract, and may play an important role in the pathogenesis of colorectal inflammatory process.
We found that ACK1-positive rates were different among colitis cases and controls. However, the sensitivity or specificity of ACK1 positivity for the diagnosis of IBD was far from perfect. Additionally, the expression level of this protein was similar in cases of UC and CD. These results indicate ACK1 is of limited value in distinction between UC and CD, or between IBD and non-IBD inflammatory conditions.
We further found ACK1 expression correlated only with clinical activity of IBD, but not with either endoscopic activity or histological activity. These different correlations may be due to the poor agreement among clinical, endoscopic and histological activity in IBD patients [27] . Numerous studies have shown the correlation of disease activity with inflammatory markers was much stronger for CD than for UC [14, 28, 29] . Similarly, we found ACK1 expression correlated less well with clinical activity in UC relative to CD. Previous studies have shown increased secretion of proinflammatory cytokines (such as TNF-a, IL-6, and IL-1) by colonic epithelial cells from IBD patients, and the absence of association of TNF-a production with either histologically or endoscopically inflammatory degree has been reported in IBD as well [30] . We failed to find associations between ACK1 expression and serum level of inflammatory reactants (such as CRP, ESR, and WBC). It is possible that ACK1 expression is associated with some inflammatory mediators (such as TNF-a, IL-6, and IL-1) released directly by the gut mucosal cells, but not acute-phase proteins (such as CRP) produced by hepatocytes, or serum inflammatory proteins (such as ESR and WBC) increased by various conditions other than gut inflammation [31] .
Long-term UC patients are at high risk for developing CRC compared with the general population. The pathogenic sequences of sporadic CRC and UC-related CRC progression are quite different. UC-related CRC progresses from flat dysplastic lesions and especially DALM, while the dysplastic precursor of sporadic CRC is usually an adenomatous polyp [14] [15] [16] [17] .
In the present study, we demonstrated that ACK1 protein expression was significantly increased in SAs as well as in DALM, but not in hyperplastic polyps, which carried no risk of neoplastic transformation. We also found associations between ACK1 expression and dysplasia grade in both types of precursor lesions for CRC. This is in accordance with studies of several other tissues which showed ACK1 expression correlated with malignant progression [2] [3] [4] [5] [6] . By contrast, we found both UC-related CRC and sporadic CRC were negative for ACK1 protein expression. Our findings suggest that ACK1 overexpression may play a contributory role during early stages of colorectal neoplastic transformation, whether UC-related or not. The absence of ACK1 expression in later stages of colorectal carcinogenesis may indicate a trend toward silencing ACK1 expression during epithelial dedifferentiation of CRC.
Coexistence of DALM and SAs is not rare in patients with UCrelated neoplasms. One subtype of DALM consists of an "adenoma-like" polypoid dysplastic lesion that morphologically resembles SAs. The clinical distinction between DALMs and SAs that arise in UC patients is extremely important because their management is quite different. The presence of DALM is an indication for colectomy, whereas both UC-associated and non-UC-associated SAs that are pathobiologically related are usually treated by polypectomy only. However, it is difficult to differentiate between these 2 dysplasias based on routine histologic evaluation. Recent studies have reported several differences in the onset and frequency of molecular alternations between DALMs and SAs. For instance, DALM shows a significantly higher proportion of p53 immunostaining when compared with SAs, while lack of bcl2 and nuclear β-catenin expression appear to favor a diagnosis of DALM over SAs [14] [15] [16] [17] . Here, we observed ACK1 protein was expressed uniformly between DALM and SAs, indicating that ACK1 expression may not be useful in distinguishing these 2 types of lesions. Furthermore, we found that the ACK1 expression pattern in SAs arising in UC patients resembled those in non-UC-associated ones, supporting the notion that these 2 forms of dysplasia share similar molecular alternations and are pathobiologically related.
Although Ack1 overexpression has been observed in multiple cancers, including digestive system tumors, most functional studies of ACK1 signaling pathways are focused on the respiratory and reproductive system [2] [3] [4] [5] . Our study revealed extensively increased expression of ACK1 protein in colorectal inflammation and dysplasia, but the potentially functional role and molecular mechanism for ACK1 overexpression in these colorectal diseases are currently completely unknown. Abnormal hyperproliferation as well as decreased apoptosis of intestinal epithelial cells contribute to the promotion and progression of colorectal tumors [16] . ACK1 has been shown to promote proliferation and protect against apoptosis in many types of epithelial cells, and, thereby, ACK1 overexpression in intestinal epithelial cells may play a role in the development of colorectal dysplasia. The activation of cellular proliferation pathways is also crucial for maintaining mucosal integrity in inflammatory conditions [32] . Another critical component in mucosal wound healing and regeneration is through epithelial cell migration, and ACK1 also has the ability to enhance epithelial cell spreading and migration [33] . These findings indicate that ACK1 may be involved in maintaining colorectal epithelial barrier integrity in inflammatory disorders. It has been suggested that inflammation can give rise to malignancy. A common denominator for both colonic neoplasias and colitis is the activation of signaling pathways that regulate cellular proliferation, apoptosis, and inflammation [34, 35] . AKT, one of the major downstream targets of ACK1 signaling, has been shown to play important roles in the pathogenesis of both inflammation and tumorigenesis. Besides its well-known ability to affect cellular proliferation, apoptosis, and migration, the AKT signaling pathway also regulates the production of proinflammatory cytokines, not only in mononuclear cells, but also in epithelial cells [36, 37] . ACK1 has recently been reported to activate AKT in hepatocellular and pancreatic cancer. We therefore speculate that ACK1 signaling may link inflammation and dysplasia transformation via AKT in colorectal epithelial cells. However, due to the possible abilities of ACK1 to maintain colorectal mucosa integrity, as well as mediate inflammation, it is difficult to predict whether ACK1 overexpression exerts a beneficial or detrimental effect in the wound healing process, and this question needs further investigation in cell models as well as in the diseased mucosa.
There are some limitations to the present study. We only assessed correlations of ACK1 expression with disease activity and severity. Whether this protein may be able to predict disease courses and outcomes needs to be evaluated in future studies. Due to the limited number of patients, some associations with ACK1 protein expression should be interpreted with caution. In addition, some studies suggest a different pathway of molecular events between flat sporadic colorectal adenomas and their more common polyploidy counterparts [38] . "Adenoma-like" DALM was also found to show some molecular differences from "non-adenoma-like" DALM [39] . Further investigations with larger sample size and more types of precursor lesions for CRCs are needed to better elucidate ACK1 alternations during CRC progression.
Conclusions
Taken together, we have demonstrated for the first time that ACK1 protein expression was increased extensively in mucosal epithelial cells of colitis and colorectal dysplasia. The expression of ACK1 was correlated positively with both disease activity of IBD and disease severity of colorectal dysplasia. We conclude that ACK1 may play a role in colorectal inflammatory process and in neoplastic progression. Further studies are needed to elucidate the exact molecular mechanisms by which ACK1 is involved in colitis and colorectal neoplasms.
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